Near-tetraploid (2S), pigmented, Syrian hamster cells (34602) were hybridized with unpigmented mouse fibroblasts to produce hybrids that contained two pigment cell genomes and one fibroblast genome per cell (32D). Half of the hybrids were pigmented and showed high activity of the enzyme dihydroxyphenylalanine oxidase; the other half of the hybrids were unpigmented and devoid of the activity of this enzyme. (In contrast, all the previously isolated hybrids containing only one pigment cell genome and one fibroblast genome were unpigmented.) Analyses of the chromosome complement and of a series of enzymes unrelated to melanin synthesis did not reveal any great differences between the pigmented and unpigmented 32D hybrids. Upon the isolation of subelones, unpigmented 32D hybrids produced only unpigmented colonies, whereas pigmented hybrids produced both pigmented and unpigmented colonies. Although the mechanism that results in the formation of some pigmented and some unpigmented hybrids in these experiments is not known, it is clear that the number of pigment cell genomes in a hybrid affects the expression of pigmentation.
It was shown (1) (2) (3) that hybrids between pigmented Syrian hamster melanoma cells and unpigmented mouse fibroblasts are unpigmented and lack the enzyme dihydroxyphenylalanine (DOPA) oxidase (EC 1.10.3.1), which is required for melanin synthesis. These results were interpreted as indicating the existence of a system that regulates pigment synthesis by blocking the expression of the pigment-forming genes, possibly by preventing the synthesis of DOPA oxidase. Hybrids were also isolated (4, 5) that contained one glial cell genome and one fibroblast genome, comparable to the hybrids mentioned above that contained one melanoma cell and one fibroblast genome; in addition, hybrids with two glial cell genomes and one fibroblast genome were also isolated. The study of one of the functions characteristic of the glial cells, i.e., the inducibility of the enzyme glycerol phosphate dehydrogenase (EC 1.1.1.8), suggested that hybrids with a 2:1 glial cell-fibroblast genome ratio express a differentiated function that hybrids with a 1:1 ratio do not express (4) . However, the inducibility of the enzyme in the two types of hybrids was not different enough to conclusively prove an effect of genome ratios. The present ex-periments, in which hybrids containing two pigment-cell genomes and one fibroblast genome were isolated, were therefore undertaken to determine whether the number of differentiated cell genomes in a hybrid affects the expression of the differentiated functions.
MATERIALS AND METHODS
In order to produce the desired hybrids, a pigmented neartetraploid (2S) line of Syrian hamster melanoma cells was used. New lines of pigmented cells had been established by Dr In order to increase the frequency of cell fusion, ,B-propiolactone-inactivated (6) Sendai virus (7), was used according to a method of cell fusion in monolayers described elsewhere (8) . In one experiment, two 35-mm (Falcon) plastic tissueculture dishes were each inoculated with 3 X 108 clone iD and 5 X 104 34602 cells in 2 ml of growth medium (Dulbecco's modified Eagle's medium, plus 10% fetal-calf serum). A high fibroblast to melanoma cell ratio was used to increase the frequency at which the melanoma cells fuse with fibroblasts (9) . After 24 hr, the cells were treated (8) cells were observed; these were subcultured in growth me and analyzed karyologically and enzymatically. (These brids will be referred to below as 32D.) All of the hybridsI described in this paper were derived from one experin Similar hybrids, however, were produced in repeat ex ments.
For the DOPA oxidase determinations, cell extracts prepared and assayed as described (3) . Several 100-mm ti culture dishes were inoculated with 106 cells in growth dium. The cells were harvested by trypsinization after 4 rinsed with 0.1 M sodium phosphate buffer (pH 6.8), homogenized. The extracts were centrifuged at 2000 X 5 min, and the supernates were assayed. The reaction mi) contained 1 mg/ml of iDOPA, and cell extract 500-10( of protein/ml [as determined with the Folin phenol rea (11) It was shown (2) that the specific activity of DOPA oxidase in hamster melanoma cells in culture varies cyclically during the growth of a culture; the activity is low just after inoculation, increases rapidly during the early part of the logarithmic phase of growth, and then declines sharply as the culture becomes dense. Therefore, the enzyme activity of 34602 cells was determined during growth in order to test whether these cells show a similar fluctuation. The 34602 cells were harvested at 2, 4, and 6 days after 100-mm dishes were inoculated with 106 cells. With this inoculum, the cultures become very dense and are ready for subculture after 7 days. The results of two experiments are shown in Table 2 . It is clear that the specific activity of 34602 cells varies like that of 3460-3. The activity decreases by 80% as the cultures become dense, then increases again after trypsinization and subculturing. Similar experiments with one of the pigmented hybrid populations, 32D 8, revealed that there is also a marked drop in DOPA oxidase activity in hybrids in dense cultures.
Because of this decrease in enzyme activity in dense cultures of both pigmented melanoma cells and hybrids, all determinations of DOPA oxidase activity in hybrids were performed with cells harvested 4 days after inoculation, at which time the melanoma cells have their maximum activity. Both p-igmented and unpigmented hybrids were tested for DOPA oxidase activity ( subclones of the unpigmented hybrids 32D 10 and 32D 11 were examined; all were unpigmented. In contrast, the pigmented hybrids gave rise to unpigmented, as well as pigmented, clones. The pigmented hybrids 32D 3 and 32D 8 produce mainly pigmented lines, whereas the pigmented 32D 7 and 32D 18 produce mainly unpigmented lines. 32D 7 and 32D 18 hybrids also lose pigment when grown in mass cultures for prolonged periods. In order to test more critically whether pigmented hybrids give rise to unpigmented lines, four pigmented populations were cloned, and, from the mixture of pigmented and unpigmented colonies obtained, seven pigmented subelones were isolated. These pigmented subclones were then recloned; the results are shown in Table 4 . It is clear that some pigmented subclones produce unpigmented lines with very high frequencies, whereas other subclones produce exclusively pigmented lines. Furthermore, the frequencies with which these pigmented subclones yield pigmented progeny are similar to the frequencies with which their pigmented parental populations yielded pigmented progeny, e.g., 32D 7 and its two pigmented subclones 32D 7-1 and 32D 7-2 all produce a large majority of unpigmented lines when cloned. It thus seems that the ability of pigmented hybrids to produce pigmented progeny at high or low frequencies is, to some extent, a stably inherited characteristic. The mechanism of this pattern of inheritance is not understood. The hybrids were cloned in (Linbro) plastic tissue-culture multi-well plates. For 
DISCUSSION
The results of this study on hybrids containing two pigment cell genomes and one fibroblast genome are different from those of previous studies on hybrids containing only one pigment-cell genome and one fibroblast genome (1, 2) . (The latter hybrids will be referred to below as 3D hybrids, as distinguished from the 32D hybrids.) Comparison of the two studies is facilitated, because the 2S hamster melanoma cells used in the present study were derived from the 1S melanoma cells used in the previous study, and the same mouse fibroblast line was used in both series of experiments. The results of the two studies differ in that about half of the 32D hybrids are pigmented, whereas all of the more than 100 independently derived 3D hybrid lines obtained were unpigmented. The isolation of pigmented 32D hybrids rules out the possibility that the lack of pigment in the 3D hybrids previously isolated is an artifact of hybridization, due to the act of cell fusion or to an increase in cell size and chromosome number, or to the combination of hamster and mouse genomes.
The results of the present study raise the following questions: (i) Why are any pigmented hybrids isolated when two pigment-cell genomes and one fibroblast genome are combined in the same cell, whereas only unpigmented hybrids are isolated when one pigment-cell genome and one fibroblast genome are combined? (ii) If some of the 32D hybrids are pigmented, why are all not pigmented?
One possibility is that all of the 32D hybrids are initially unpigmented, i.e., that pigment synthesis is initially repressed as in the 3D hybrids, and that some genetic event occurs that allows some of the hybrids to become pigmented. One way in which this event could occur is that the repression of pigment synthesis involves the action of regulator genes of the fibroblast genome, and that some of the hybrids have lost the chromosomes carrying these regulator genes, thus allowing the reappearance of pigmentation. Such a case has already been described in a study of the regulation of a kidney-specific enzyme in hybrid cells (13) . There is, however, no data from the present study in support of this mechanism. Extensive cloning of the unpigmented 32D hybrids has not produced pigmented subclones. Furthermore, unless the mouse (fibroblast) chromosomes carrying the suggested regulator genes are preferentially lost, it would be expected that a very large number of mouse chromosomes would have to be lost at random to account for half of the hybrids being pigmented because of the loss of those specific chromosomes. Neither the karyological analyses nor analysis of the enzymes unrelated to melanin synthesis provided evidence of a greater loss of mouse chromosomes from the pigmented hybrids than from the unpigmented hybrids. These considerations make the above suggestion unlikely, but do not completely exclude it.
A second possibility is that all of the 32D hybrids are initially pigmented, and that some event occurs that causes half of the hybrids to become unpigmented. The two parts of the hypothesis will be considered separately: (i) that 32D hybrids are all initially pigmented, and (ii) that half of the hybrids lose the ability to make pigment. The genetic constitution of the hybrids suggests a type of gene-dosage phenomenon as an explanation for pigmented 32D hybrids in contrast to unpigmented 3D hybrids. For example, if the fibroblast genome produces a regulator substance that prevents pigment synthesis, it is possible that it produces enough to block the activity of a second genome in addition to itself in 3D hybrids, but not enough to block the two additional genomes in the 32D hybrids. It is also possible that a factor produced by the pigment-cell genome and required for pigment synthesis might not reach a sufficient concentration in the 3D hybrids to allow pigmentation, but might reach such a concentration in the 32D hybrids. Given pigmented hybrids, it is then necessary to explain why half of them are initially isolated as unpigmented. It was demonstrated that some of the pigmented 32D hybrids produced unpigmented lines in high frequencies when cloned. There is no evidence to indicate that the initially selected unpigmented hybrids and the unpigmented lines obtained as subelones of pigmented hybrids both have lost pigmentation in the same way. However, it is possible that the type of event responsible for the loss of pigmentation when pigmented hybrids are cloned could have occurred very early in the development of some 32D hybrids, leading to the isolation of unpigmented colonies from the initial selection. It would be possible to account for the loss of pigmentation by the loss of some chromosomes of the melanoma genome that carry genes required for pigment synthesis. As mentioned above, however, unless there was a preferential loss of these specific chromosomes, a very large number of hamster (melanoma) chromosomes would have to be lost at random to account for half of the hybrids being unpigmented. Neither the karyological nor enzymatic analyses reveal a much greater loss of hamster genes from the unpigmented hybrids than from the pigmented hybrids. This result would seem to make chromosome loss unlikely as a mechanism for the segregation of unpigmented hybrids from pigmented ones. This last argument assumes that all of the melanoma genes of a given type would have to be lost in order to lose the function. If, however, a balance between melanoma and fibroblast genes is the critical factor, as suggested above, the loss of only a single relevant hamster chromosome could be sufficient to shift the balance in the favor of the fibroblast. Nonchromosomal events could also be involved in the production of unpigmented hybrids.
At present, neither of the above proposals, i.e., that the 32D hybrids are either initially all pigmented or all unpigmented, can be proven or ruled out. It is also possible that other mechanisms are operating in such a way that half of the hybrids are initially pigmented and half are initially unpigmented. The present results demonstrate conclusively, however, that the number of differentiated cell genomes in a hybrid can affect the expression of differentiated functions. These results, thus, suggest some new quantitative aspects in the regulation of gene expression in mammalian cells.
The isolation of pigmented 32D hybrids raises an additional question: Is the DOPA oxidase present in pigmented hybrids determined only by the genome of the originally pigmented melanoma cell, or have the genes of the originally unpigmented fibroblast been induced to begin synthesizing DOPA oxidase? It is possible that the mechanism that allows pigmentation in some 32D hybrids has also resulted in the activation of the previously inactive fibroblast genes involved in pigment synthesis.
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